Abstract. This paper examines the use of the modified version of ASM model referred to as IAWQ#2B implemented in STOAT simulation package to model the performance of oxidation ditch process. STOAT is a free simulation package for comprehensive modeling and simulation of long-term treatment plants. The dynamic model was calibrated and validated using real operating data from the wastewater treatment plant. The model was able to produce good match in terms of COD, TN, MLSS concentrations, and effluent TSS without adjustment to any default model parameters apart from the wastewater treatment plant operating parameters, and the influent wastewater characteristics which were determined during the data collection campaign. Additionally, the use of chemical polishing for total phosphorus removal (TP) was reasonably predicted by the model. The model was able to identify 'on-off aeration operation' as the reason for ammonia spike at the WWTP.
Introduction
The main benefit of using a computer model to simulate wastewater treatment plant (WWTP) is its ability to evaluate different operational conditions in order to develop an optimum operational strategy. Models are useful tools for troubleshooting and optimization of existing WWTPs [1, 2, 3, 4, 5, 6] . Variants of ASM models on the platform of different simulators have been used for the purpose of optimizing the biological nutrient removal (BNR) process in municipal WWTPs in several research work [7,8,] . However, information of such application of ASM variants of models on the platform of STOAT simulation package in such research publications is rare. In 2010, Water Research Centre (WRc) has made its dynamic wastewater treatment modelling program, STOAT, available as freeware in order to encourage the uptake and understanding of wastewater treatment process modelling. STOAT is a simulation package for comprehensive modeling and simulation of long-term treatment plants. It is based on the generally accepted activated sludge models ASM1, 2, 2d and 3, as well as STOATs' own models. It can simulate both simple and complex processes, for municipal, as well as industrial WWTPs. In addition, STOAT uses Takacs model to evaluate settling and separation processes. This study aimed at assessing STOAT capability to simulate the performance of full-scale WWTPs. An oxidation ditch process was chosen for the assessment.
Oxidation ditches are variants of the activated sludge system. They are single sludge wastewater treatment systems, which is capable of achieving carbon oxidation, nitrification, denitrification and phosphorus removal in single biomass slurry because of the presence of aerobic, anoxic and anaerobic zones [9] . Oxidation ditches has a number of advantages over the activated sludge systems because of their unique features, and mode of operations. Aerators are located in series along the ditch channel, providing alternating aerobic and anoxic zones along the ditch. Thus, simultaneous removal of organic and nitrogenous matter takes place continually in oxidation ditches. It requires only 10 to 15 minutes for wastewater to recirculate around the ditch. Therefore, biomass undergoes rapid transformation between aerobic and anoxic conditions, and consequently, encourages the growth of various types of microorganism in the oxidation ditches. The recirculation flowrate in cubic meter per hour (m 3 /h) is about 4-6 times the total volume in cubic meter (m 3 ).
Oxidation ditches have good mixing and good buffer against shock loads because of the high internal recirculation rate, coupled with the high turbulence induced near the aerators. Oxidation ditches has low food to micro-organism ratio because they are operated at an extended aeration mode (high solids residence time), and they produce well stabilized sludge that has little odor problems [10] . In addition, the high rate of nitrate recirculation in oxidation ditches usually leads to a significant reduction in the amount of oxygen needed for oxidation, as nitrate, instead of oxygen, is used as a terminal electron acceptor in the denitrification processes, thus, making the operation of oxidation ditches cheaper than the operation of other conventional WWTP's. Generally, oxidation ditches produces very low effluent nitrogen concentration because of the efficient simultaneous nitrification and denitrification that take place within the system [11] .
Materials and Methods
The WWTP is located in Cai Tian Pu, Anhui Province People's Republic of China. The plant is operated and maintained by Anhui Guozhen Environmental Protection Technology Joint Stock Co., Ltd. (GZEP) in corroboration with the company's environmental engineering design and research institute (GZED). The system comprises of two-train oxidation ditches (OD), each of which has pre-anaerobic selector. The total volume of each OD is 18675 m 3 , whereas the volume of each preanaerobic selector tank is 3679.5 m
3
. Each OD operates in alternating anoxic aerobic modes, and a secondary clarifier is connected to each OD train. Each of the clarifier has a total surface area of 1808.64 m 2 . The return sludge is pumped to the inlet of the reactor and mixed with the influent. Each OD is equipped with three aerators. Prior to this study, the WWTP was having issues with ammonium spike, though not violating the effluent criteria. This case study is a report on one of the various trainings on the application of STOAT for WWTP simulation. The simulation was performed in accordance with the "Good Modeling Practice" which was developed by Rieger et al. [12] .
In order to familiarize with the WWTP layout, to identify the locations of important sampling and monitoring locations, to obtain input from plant operators regarding equipment hydraulics and process limitations in the plant based on their operating experience, and to evaluate the plant performance based on the available historical data, two of the trainings were conducted at the WWTP site.
Seventeen days sampling campaign was carried out in March for the purpose of proper wastewater characterization and model calibration, whereas seven days sampling campaign was conducted in June to validate the model. Influent flow rate in cubic meter (m 3 ) to the treatment plant was measured online. STOAT accepts flow in cubic meter per hour (m 3 /h). Samples of influent composition were taken every 2-hour for 24-hour during the sampling campaign. The parameters of interest are: total COD (non-filtered COD), and filtered through 0.45-μm and 1.2-μm diameter (soluble influent COD, filtered and flocculated), BOD5, volatile fatty acids (VFA), ammonia nitrogen (NH3-N), nitrate nitrogen (NO3-N), total Kjeldahl nitrogen (TKN), total phosphorus (TP), ortho-phosphate ( 3 4 PO ), total suspended solids (TSS), volatile suspended solids (VSS) and nonvolatile suspended solids (NVSS) concentrations. The parameters were determined in accordance with the standard methods [13] . Also, in order to describe the biological conversion as a function of reactor length, dissolved oxygen (DO) was measured over the length of oxidation ditches at different locations. The average sampling results are presented in Table 1 .
Apart from volatile fatty acids (VFA), STOAT differentiates four influent COD's, these are: soluble biodegradable COD (SS), soluble non-biodegradable COD (SI), particulate biodegradable COD (XS), and particulate non-biodegradable COD (XI). In STOAT, oxidation ditches are specified as a number of stages in series, and the number of stages depends on the particular ditch being modelled. It is assumed that the effluent for the aeration basin always leaves in the last stage, and all the stages are equal in volumes. In this study, the ditch is divided into 10 stages, with the effluent taken from the last stage. The actual dissolved oxygen (DO) concentrations for each of the compartments, as measured at the WWTP during the measurement campaign were assigned, and controlled in STOAT by modifying the KLa values for each of the compartments. The minimum and maximum DO values for the aerobic compartments were 0.5 and 1.4mg/l, respectively. The STOAT configuration of the WWTP is shown in Figure 1 . 
Results and Discussion

Model Calibration and Validation
Model calibration and validation are two crucial steps involved in process simulation [14] . In wastewater treatment plant modelling, the calibration step is essential, and it's generally performed using steady state mode. The model does not consider the effect of time in steady state simulation mode, because, it is assumed that the plant has reached the steady state operating conditions. The aim of steady state calibration is to obtain average effluent concentrations in the same order of magnitude with measured data, and to have the correct solids balance to enable good initial conditions for the dynamic simulation [15] . However, in STOAT, there is no steady state simulation package.
Therefore, in order to calibrate the model, sewage flow rate and the influent compositions which were determined during the data campaign were used to generate influent profile. The model was run repeatedly for fifteen days until a dynamic equilibrium was reached. This is indicated by obtaining similar effluent results for subsequent cycles [16] . Dynamic equilibrium run results are shown on Table 2 . The differences in effluent concentrations between the subsequent runs (runs 2 to 6) of all the parameters were less than 0.1mg/L except for COD which was approximately 0.36mg/L. Apart from the effluent concentrations, the MLSS in the bioreactor also reached dynamic equilibrium (Table 2) . Having reached the dynamic equilibrium, the next step was to compare the model and the calculated results. Discrepancies in the results would require the modeler to determine which default parameters should be modified to achieve a better fit. The model should be re-run with the adjusted parameter(s), if there is any, until a better match is reached. Three important points were considered when determine the goodness of fit, these are: the average values of the measured and simulated data, the peaks and trough of the measured and the simulated data, and the timing of the peaks and trough. However, a comparison of the results (Table 3) shows no substantial differences between the measured and simulated values that could require modification of any model default parameters. The only notable difference was between measured and simulated ammonia values (Table 3) , the model over predicted ammonia, and this was possibly caused by the on-off aeration operation system. Hence, further simulation was performed with the implementation of the on-off aeration operation system, and the results are presented in Table 4 . Though there was great improvement, nevertheless, the model slightly over predicted ammonia. However, it should be noted that whereas constant values of dissolved oxygen (DO) concentrations were maintained in the model for each of the oxidation ditch compartments during the entire simulation time, the same could not be said to have been maintained in the real plant, and this could be the likely reason for the differences. The second step in the calibration process is the dynamic simulation. In STOAT, this is accomplished by comparing the peaks and troughs of the measured and the simulated data, and the timing of the peaks and troughs. Hence, the simulation results of the on-off aeration operation are plotted alongside with the measured data ( Figure 2 ). The model was validated, using the data collected in June (Table 6) , and the validation results are presented in Table 5 and Figure 3 , respectively. (Table 3, Table 4 Table 5 , Figure 2 , Figure 3 , respectively), shows that the deviation between the measured and simulated output variables by STOAT are very negligible, this is an indication that the model calibration was performed correctly [17] . Therefore, STOAT ability to simulate long-term treatment plant performance was further tested by applying the calibrated model to a two-month routinely measured data. The simulation results, comparing the measured and simulated values is shown in Figure 4 . It is obvious from Figure 4 , the model reasonably predicted the behavior of the wastewater treatment plant with the routinely measured data, indicating that the WWTP was well represented in the model, and the calibration was properly performed.
Conclusions
In this work, the calibration and validation of the STOAT free dynamic simulation package to a full-scale Oxidation ditch wastewater treatment process was performed successfully. The model was able to produce good match between measured and simulated variables of interest. The success of the model calibration is attributed to proper influent wastewater characterization which was performed during the sampling campaign, as well as, the good representation of the treatment process in the STOAT simulation package. The model proved to be capable of mimicking processes taking place at the wastewater treatment plant. The model was helpful in identifying 'on-off aeration operation' as the reason for ammonia spike at the WWTP. This work should encourage the use of free simulation packages in pursuit of reducing water pollution problems and the cost of treatment plant upgrade. By doing so, we can easily share knowledge on the existing free simulation packages and thereby combating water and environmental pollutions at a cheaper cost.
